. Literature information about corrosiveness of ionic liquids to metal is very skimpy. During testing a numer of ionic liquids in terms of their implementation as lubricants for tribological nodes, it was necessary, first of all, to check their corrosiveness to metals. In this article the results of alkoxymethylimidazolium ionic liquids corrosiveness to ŁH15 steel (100Cr6, AISI 52100) and M1E copper will be presented.
INTRODUCTION
For every technical or industrial application of ionic liquids it is necessary to take into consideration their corrosive properties. That is why there is the need for testing corrosion resistance of metal materials in their environment. Corrosion may be the reason for inadvertent defects or metal materials wear, what translates into increasing operating costs of machines and technical equipment. In Fig. 1 there are shown, published some years ago, the results of the tests of some metal materials corrosion resistance in selected, present on the market, ILs (Fig. 2) , in the presence of water and without water, operating under conditions at the temperature of 90 °C [2] . ILs used in the tests described in Fig.1 [2, 3] .
The highest corrosion resistance in every liquid, both anhydruous and water mixtures, had 1.4301 iron. HC22 nickel alloy was also highly resistant to corrosion in all the tested liquids. Whereas in case of C carbon steel and aluminium alloys corrosion resistance was highly dependent on cation chemical structure and anion characteristic. In so called anhydrous ionic liquids (with water content less than 1 %), as an example tosyl anion ([EtOSO 3 ]¯-ethyl sulphate anion) shows the corrosion intensity to many metals between 15 and 25 mm per year. On the other hand, ethyl sulphate as an anion was not affecting carbon steel [2] corrosivity could be drastically decreased if water content was less than 1000 ppm [3] . The influence of higher water content in liquids IL2 and IL6 was also tested. In this case, adding 10 % of water caused significant corrosive power increase of these liquids. In both liquids (Fig. 2 ) occurrence of sulphuric acid is possible. However, it turned out that imidazolium ion was better corrosion inhibitor for steel than modified polyoxyethylene quaternary specific ammonia component in IL6 liquid. Obtained results of the tests led to the development of the idea of corrosion limiting (inhibiting) in cases where the corrosion is significant. For example, a little quantity of 1-H-benzotriazole can be the corrosion inhibitor for copper [3] .
DESCRIPTION OF IONIC LIQUIDS UNDER TESTS
Within the Development Project the identification studies on possible applications of some ILs as lubricants for iron porous bearings (with Cu add.) and steel tribological nodes operating at various temperature ranges were being carried out. The basic significance for such researches is the knowledge about liquids corrosiveness to metals lubricated with them.
Patented Polish ILs [4] , which were tested based on 1-alkyl-3-alkoxymethylimidazolium, bought from POCH SA [5] Additionally, there was tested comparatively ILs imidazolium bought from Sigma-Aldrich [6] , with the same anion [N(CF 3 SO 2 ) 2 ]¯, where the alkyl chain does not contain oxygen:
Moreover, as a reference oil during the tests, Hipol-15F gear oil, which -according to [7] -does not demonstrate corrosiveness to steel, was used.
METHODOLOGY OF EVALUATION OF IONIC LIQUIDS CORROSIVE PROPERTIES
Three techniques of evaluation of corrosion interaction between the ILs and the samples made of bearing steel (100Cr6, AISI 52100 according to PN-EN ISO 683-17:2004 [8] , ASTM A295-98 [9] ) and of copper (M1E according to PN-77/H-82120:1997 [10] , ASTM D130-IP 154 [11] ): a) testing of corrosive properties of ILs with DC electrochemical test method (volt-amperometric); b) gravimetric test, i.e. measurement of weight loss of the samples submersed into the tested ILs (or Hipol-15F); c) evaluation of the corrosion changes on the sample surfaces submersed into the ILs with increased temperature.
Electrochemical Test of Ionic Liquids Corrosive Properties
During the tests, the polarization curve (i.e. voltamperometric curve), determining relation between exchange current of corrosion cell and the applied potential was done, and the values of corrosive potential of ILs-ŁH15 steel and ILs-M1E copper couplings were determined. For measurements, there was used Reference 600 potentiostat -galvanostat TM manufactured by Gamry Instruments (USA), controlled by a computer with Framework 5.50 software from Gamry installed. QCM200 microquartz scales, manufactured by Stanford Research System (USA) [12] , used for gravimetric measurements during electrochemical tests, was coupled with the measurement system. The base of the measurement system was the measuring vessel (measuring cell). The base consisted of:
• the tested electrode, made of the metal under test (ŁH15 steel or M1E copper);
• the auxiliary electrode which was a crystal membrane coated with chromium and gold, connected to the microquartz scales;
• the reference electrode, made of chlorine silver, connected with the near-surface zone of the sample by means of Luggin capillary filled with solution of potassium chloride and acetonitrile.
In order to eliminate interferences coming from the ambient and stabilize the test conditions, measuring vessel was located in a cabinet serving as Faraday cage . The temperature was being recorded with the use of installed nickel-chromium thermocouple connected to the potentiostat. The handle of the membrane of the microquartz scales was serving as a cell for electrolyte, where all electrodes and the thermocouple were submersed. Microquartz scales  was coupled with potentiostat . The whole test unit was connected to computer . Before the commencement of the tests the calibration was performed with the use of calibration plate , (Fig. 3) . 
Gravimetric Test -Determining of the Mass Corrosion Rate
So-called mass corrosion rate (r) was the corrosion intensity measure used during the tests. The rate was calculated on the basis of the following formula: -1 ]. Knowing overall dimensions of the metal sample, you can calculate the surface area of the corroding metal sample. The corrosion products release may be observed after submersing the sample in a corrosive environment. The more given environment (e.g. liquid) is corrosive to the tested material (metal), the quicker and greater is surface degradation. Such test method allows researchers to compare influence of all substances on the specified material.
Hm202Ec electronic weight was used for checking the weight loss of the metal samples. The samples made of bearing steel or copper were put on Petri dishes. All samples had been put in the desiccator . The samples were put inside KBC G65/250 heating chamber with the temperature control function. The test was carried out at the temperature of 100 °C, at the time of 180 min. Next, the samples were being observed in order to evaluate the degree of corrosion.
The samples made of steel and copper were tested. Nikon Eclipse LV1000 metallographic microscope, connected to the computer, was used for observation of the degree of corrosion. Samples were being observed in daylight. The pictures of the sample surfaces were taken by means of the microscope software. The corrosion patterns were used to rate the degree of corrosion. Classification was carried out for copper only because of the lack of the standard corrosion patterns for steel.
THE TEST RESULTS AND DISCUSSION
In Tab.1 there are presented the results of the evaluation of corrosion intensity for the samples made of ŁH15 steel (100Cr6) and M1E copper during long term (7 days) submersion tests in the ILs and, comparatively, in Hipol-15F. In the table there are presented the weight losses of samples and the results of calculations of the mass corrosion rate, made on the basis of formula (1). The results of the tests at high temperature 100 °C for the steel and copper samples soaked during submersion in the tested liquids, at the time of 180 min., are presented in Table 2 , where the pictures of the sample surfaces and the corrosion class for copper according to the corrosion patterns.
From among the liquids mentioned in Table 1 , Hipol-15F, containing sulphur compounds, demonstrated the highest corrosive power. Whereas the oil did not demonstrate high corrosive power to ŁH15. The power was the lowest from among all tested ILs. CJ001 and CJ002 were the most dangerous to steel. CJ004 was least corrosive both to steel and copper. CJ003 and CJ007 reached intermediate values, better than CJ001 and CJ002, but worse than CJ004; although CJ007 was less corrosive to copper than CJ004, and slightly worse than CJ004 in case of corrosiveness to steel. Such results of the tests of corrosive power were confirmed, as a matter of fact, during the electrochemical tests, what was documented by further records of the polarization curves, which examples are shown in Fig.4-6 , and by the results of the electrochemical measurements shown in Table 3 . In the Fig.4-6 there are shown examples of determined polarization curves for ILs couplings with ŁH15 steel and M1E copper, and the corrosion current determined with the use of Tafel extrapolation method. Red lines describe anodic directions, blue lines -cathode directions and green lines -there describe back to corrosion potentials. Finally, in Table 3 there are presented characteristic results of the electrochemical measurements. It is easy to find some significant differences, when analysing metal polarisation curves for individual ILs. They reflect the metal behaviour in the ionic liquid environment. Under normal operating conditions, it can be expected that a passive layer will be formed during active-passive pulping. The corrosion resistance range ("electrochemical window") shows quite good correlation between the ILs and metal, not causing the corrosion phenomenon within the given potential zone. In case of active pulping it can be expected that the corrosion process course during technical equipment operating will take place. ŁH15 steel in CJ001 was pulping actively without significant passive zones and corrosion resistance states (Fig. 4) . Momentary decrease of the pulping rate indicates some limitations of ion migration. The reasons may be various, for example too intensive metal dissolving. Hence the inhibition caused by the slowest processes took place, or the liquid volume showed the resistance to too fast ion transport process. However, registered momentaly disruption of the processes did not influence the nature of the steel active pulping in CJ001. The determination of corrosion current density was possible, with the use of Tafel extrapolation method (Fig. 5 ).
The polarization curve for CJ001-M1E copper coupling (Fig. 6 ), in contrast with the previous curve for CJ001-ŁH15 steel coupling (Fig.4) , is characterized by the active-passive transition with a different state of corrosion resistance. After the corrosion potential stabilizing the sample made of copper pulps actively  till reaching the value of the potential, where passivation  begins. The layer of oxidizing products is being formed on the metal surface. The layer highly prevents the electric charge from flowing. After reaching Flade potential passive state  is being stabilized. Corrosion resistance state  for the given coupling informs about a potential range, where the significant processes of oxidizing or reduction do not occur.
The tests of CJ002 showed high similarity of the polarization curves course to previously described measurements for CJ001. ŁH15 bearing steel was actively pulping within CJ002, though a bit slower than within CJ001. Whereas relative to copper, CJ002 liquid demonstrated a narrower range of corrosion resistance than CJ001 liquid.
The polarization curves for ŁH15 steel and M1E copper within CJ004 have different courses than the ones discussed previously for CJ001 and CJ002. CJ004 liquid showed a wide range of the resistance potential ("electrochemical window"), similarly to CJ003 and CJ007 liquids. The corrosion resistance zones of CJ004 liquid were practically the greatest from among all liquids, and the corrosion potential was much lower, especially in relation to ŁH15 steel (CJ007 liquid showed slightly better properties in relation to copper -see Table 3 ). Also comparing of corrosive properties of the tested liquids relative to ŁH15 steel and M1E copper we see influence of the tested liquids on corrosion of ŁH15 steel and M1E copper at high temperature. Tests have been made on the basis of the microscopic observations, and -in case of copper -also on the basis of the corrosion patterns and confirm in that CJ004, CJ003 and CJ007 kept their good anti-corrosion properties in relation to steel, and CJ004, CJ007 also in relation to copper. 
CONCLUSION
Obtained test results suggest that the basic factor deciding about ILs imidazolium corrosivity is the length of the cation alkyl chain, regardless of whether it contains oxygen or not. It means that the longer cation alkyl substituent of imidazolium liquid, the more corrosive is this liquid both to ŁH15 steel and M1E copper. However the presence of oxygen in the alkoxymethylimidazolium chain did not contribute to the liquid corrosivity increase, and even there can be observed some symptoms of steel corrosion process inhibition (in contrast to copper) within alkoxymethylimidazolium liquid with short alkyl substituents. Such conclusion can be reached by comparing all test results of CJ004 and CJ007 liquids. CJ004 ionic liquid had the best anti-corrosion properties relative to steel (almost as good as Hipol-15F), and the second one was CJ007 ionic liquid. However CJ007 liquid had the best anticorrosion properties relative to copper, and CJ004 liquid was the second one. Hipol-15F was the most aggressive to copper [15] .
